Three mutations were involved in our research, a putatively null mutation in zebrafish psen2,
, a model of a typical reading-frame-preserving fAD-type mutation in psen1, generation of these mutations were listed in S3 File. DMSO, e.g. (18)). To test whether polyQ80-GFP was being degraded by autophagy selectively relative to free GFP we sought to enhance autophagy induction or block 2 5 9 autophagic flux using rapamycin, (19) or chloroquine (20) . Both drugs have previously been In zebrafish embryos, autophagy is up-regulated at the pharyngula stage (24~48 hpf), and the 2 6 3 earliest time point at which the phosphatidylethanolamin (PE)-Lc3-II conjugate (critical for 2 6 4 autophagy induction) has been detected is 32 hpf (22) . Therefore, in our research, injected 2 6 5 embryos were exposed to 1μM rapamycin or 50mM chloroquine from 30 hpf before lysis at 48 hpf for analysis. The ratios of polyQ80-GFP to free GFP observed from both drug (poly80Q-GFP / free GFP) was significantly reduced through rapamycin treatment (p=0.0090), indicating that autophagy was induced. The ratio (poly80Q-GFP / free GFP) was
apparently increased through chloroquine treatment (p=0.0708), consistent with inhibition of
autophagy. Since the changes in the ratios of poly80Q-GFP / free GFP are consistent with the 2 7 2 changes in autophagy expected from these different drug treatments, the 2 7 3
polyQ80-GFP-v2A-GFP assay appears able to measure autophagic flux in zebrafish. The polyQ80-GFP / free GFP ratio observed from the polyQ80-GFP-v2A-GFP transgene possibly decreases between 24 hpf and 96 hpf as indicated by a statistically non-significant
trend ( Fig 3C and 3D ) Also, we noticed that this assay itself is somewhat toxic to zebrafish a less-toxic, aggregation-independent, but still internally-controlled alternative assay system. proteins by embryos' endogenous ATG4 activity. The GFP-LC3 then associates with 2 9 2 autophagosomes while the RFP acts as an internal control. We wished to adapt the assay from Kaizuka et al. to allow quantification of autophagic flux 2 9 5
by western immunoblotting while avoiding the difficulties posed by use of polyQ80-GFP.
9 6
However, we knew from previous unpublished work with GFP-v2A-RFP fusion proteins that 2 9 7
use of an RFP internal control for normalization of GFP expression is problematic since be overcome if GFP served both as autophagy target and as the internal control. Therefore we
applied the tandem GFP principle of the polyQ80-GFP-v2A-GFP construct to create GFP-LC3 and free GFP proteins (Fig 2B) . When assayed, these proteins have discernibly anti-GFP primary antibody (Fig 2B) . The mean GFP-Lc3a / free GFP ratio observed in wild type (+/+) embryos at 48 hpf is slightly higher than at 96 hpf (1.22 vs 1.13 in Fig 5A and 5B 3 0 6 respectively). However, similar to the polyQ80-GFP-v2A-GFP assay, this difference is not 3 0 7 statistically significant (p=0.42). To test whether changes in the GFP-Lc3a / free GFP ratio reflect changes in autophagic flux,
the GPF-Lc3a-GFP construct was expressed in embryos subjected to treatment with GFP-Lc3a / free GFP ratio (p=0.001, Fig 5A) , reflecting the expected increase in autophagy. Unexpectedly, treatment with chloroquine, both at high (50mM) and low (50μM)
concentrations resulted in significant decreases in the GFP-Lc3a / free GFP ratio (Fig 5A) .
This apparent increase in autophagy conflicted with chloroquine's activity as an autophagy
inhibitor, which implied that an unanticipated factor could be distorting the observed ratio
during the chloroquine treatments. expression of an hypoxia-induced, naturally-occurring truncated isoform of PSEN2 denoted
PS2V (26). In zebrafish, the PS2V-equivalent isoform is expressed from the
PSEN1-orthologous gene, psen1. Therefore, we have modeled this mutation in zebrafish by
generation of the psen1 allele, K97Gfs.
The effects of the fAD-like mutations were tested in the heterozygous state corresponding to putatively null mutation of psen2 were tested in both homozygous and heterozygous embryos 3 9 2 to examine, respectively, whether psen2 activity has any effect on autophagy and whether this GFP-Lc3a-GFP transgene and then examined by western immunoblotting at 96 hpf ( Fig 5C) .
Both heterozygosity for the fAD-like psen1 Q96K97del mutation and loss of psen2 activity were
observed to decrease autophagic flux significantly (p=0.0268 and p=0.0086 respectively) as
expected from previous analysis of fAD mutations in human PSEN1 (8) and confirming that psen2 also functions in autophagy. Heterozygosity for the putatively null mutation in psen2 To monitor autophagic flux in zebrafish embryos, we first designed the 4 0 8
polyQ80-GFP-v2A-GFP assay that is based on the assumption that polyQ80-GFP aggregates
and is a target for autophagy while free GFP is primarily degraded via the proteasome. Since
this assay provides 1:1 stoichiometric co-expression of polyQ80-GFP and free GFP protein issue is overcome by replacing the polyQ80-GFP protein with a non-aggregating GFP-Lc3a polyQ80-GFP-v2A-GFP construct, the GFP-Lc3a-GFP construct produces 1:1 stoichiometric 4 2 2 co-expression of two proteins in the same cells in vivo (GFP-Lc3a and free GFP proteins). The GFP-Lc3a-GFP assay assumes that GFP-Lc3a protein is a target of autophagy while the 4 2 5
free GFP protein remains in the cytosol as an internal control. However, the GFP-Lc3a-GFP GFP-Lc3a in zebrafish embryos and larvae (Fig 6A and 5B ). Since the free GFP produced by in autophagic flux. We found that this effect was minimized at 96 hpf compared to 48 hpf. (Note that the observations by Schiffer et al. imply that polyQ80-GFP will also form free Using the GFP-Lc3a-GFP assay, we were able to compare the levels of autophagic flux in we detected decreased autophagic flux (Fig 5C) Psen1 in its role in autophagy than mammalian PSEN2 is similar to PSEN1. In heterozygous 4 5 2 larvae of the "typical" (reading frame-preserving) fAD mutation model psen1
Q96K97del
, we 4 5 3 also observed decreased autophagic flux (Fig 5C) . Interestingly, our zebrafish model of the
human PSEN2 K115Efs fAD mutation, psen1
K97Gfs
, did not show decreased autophagic flux. GFP-Lc3a-GFP assay. The K115Efs mutation of human PSEN2 is unique among the human PRESENILIN fAD Therefore, it will be interesting to examine autophagic flux in such aged fish to see whether it 4 6 4 subsequently becomes inhibited (as is typical in Alzheimer's disease (4)). To this end, we are currently determining whether the GFP-Lc3a-GFP transgene can be transmitted through the 4 6 6 zebrafish germline for widespread expression in adult tissues. null allele analysis of this paper). In fact, our results suggest that this truncated form of autophagy is a pro-survival response to cellular stresses such as hypoxia (28) and we have previously shown using zebrafish that PS2V acts to decrease cell death under such conditions is consistent with this. the GFP-Lc3a-GFP assay, we found that lack of psen2 activity in zebrafish reduces mutation of psen1 (Q96K97del). C D E F p s e n 2 S 4 T e r / + 9 6 h p f p s e n 1 K 9 7 G f s / + 9 6 h p f p s e n 1 Q 9 6 K 9 7 d e l / + 9 6 h p f --
